abstract
Developmental dysplasia of the hip (DDH) encompasses a wide spectrum of clinical severity, from mild developmental abnormalities to frank dislocation. Clinical hip instability occurs in 1% to 2% of full-term infants, and up to 15% have hip instability or hip immaturity detectable by imaging studies. Hip dysplasia is the most common cause of hip arthritis in women younger than 40 years and accounts for 5% to 10% of all total hip replacements in the United States. Newborn and periodic screening have been practiced for decades, because DDH is clinically silent during the fi rst year of life, can be treated more effectively if detected early, and can have severe consequences if left untreated. However, screening programs and techniques are not uniform, and there is little evidence-based literature to support current practice, leading to controversy. Recent literature shows that many mild forms of DDH resolve without treatment, and there is a lack of agreement on ultrasonographic diagnostic criteria for DDH as a disease versus developmental variations. The American Academy of Pediatrics has not published any policy statements on DDH since its 2000 clinical practice guideline and accompanying technical report. Developments since then include a controversial US Preventive Services Task Force "inconclusive" determination regarding usefulness of DDH screening, several prospective studies supporting observation over treatment of minor ultrasonographic hip variations, and a recent evidence-based clinical practice guideline from the American Academy of Orthopaedic Surgeons on the detection and management of DDH in infants 0 to 6 months of age. The purpose of this clinical report was to provide literature-based updated direction for the clinician in screening and referral for DDH, with the primary goal of preventing and/or detecting a dislocated hip by 6 to 12 months of age in an otherwise healthy child, understanding that no screening program has eliminated late development or presentation of a dislocated hip and that the diagnosis and treatment of milder forms of hip dysplasia remain controversial.
INTRODUCTION
Early diagnosis and treatment of developmental dysplasia of the hip (DDH) is important to provide the best possible clinical outcome. DDH encompasses a spectrum of physical and imaging findings, from mild instability and developmental variations to frank dislocation. DDH is asymptomatic during infancy and early childhood, and, therefore, screening of otherwise healthy infants is performed to detect this uncommon condition. Traditional methods of screening have included the newborn and periodic physical examination and selected use of radiographic imaging. The American Academy of Pediatrics (AAP) promotes screening as a primary care function. However, screening techniques and definitions of clinically important clinical findings are controversial, and despite abundant literature on the topic, quality evidence-based literature is lacking.
The AAP last published a clinical practice guideline on DDH in 2000 titled "Early Detection of Developmental Dysplasia of the Hip." 1 The purpose of this clinical report is to provide the pediatrician with updated information for DDH screening, surveillance, and referral based on recent literature, expert opinion, policies, and position statements of the AAP and the Pediatric Orthopaedic Society of North America (POSNA), and the 2014 clinical practice guideline of the American Academy of Orthopaedic Surgeons (AAOS). 1 -3 
DEFINITIONS
A contributing factor to the DDH screening debate is lack of a uniform definition of DDH. DDH encompasses a spectrum of pathologic hip disorders in which hips are unstable, subluxated, or dislocated and/ or have malformed acetabula. 1 However, imaging advancements, primarily ultrasonography, have created uncertainty regarding whether minor degrees of anatomic and physiologic variability are clinically significant or even abnormal, particularly in the first few months of life.
Normal development of the femoral head and acetabulum is codependent; the head must be stable in the hip socket for both to form spherically and concentrically. If the head is loose in the acetabulum, or if either component is deficient, the entire hip joint is at risk for developing incongruence and lack of sphericity. Most authorities refer to looseness as instability or subluxation and the actual physical deformity of the femoral head and/or acetabulum as dysplasia, but some consider hip instability itself to be dysplasia. Further, subluxation can be static (in which the femoral head is relatively uncovered without stress) or dynamic (the hip partly comes out of the socket with stress). The Ortolani maneuver, in which a subluxated or dislocated femoral head is reduced into the acetabulum with gentle hip abduction by the examiner, is the most important clinical test for detecting newborn dysplasia. In contrast, the Barlow maneuver, in which a reduced femoral head is gently adducted until it becomes subluxated or dislocated, is a test of laxity or instability and has less clinical significance than the Ortolani maneuver. In a practical sense, both maneuvers are performed seamlessly in the clinical assessment of an infant's hip. Mild instability and morphologic differences at birth are considered by some to be pathologic and by others to be normal developmental variants. 
INCIDENCE, RISK FACTORS, AND NATURAL HISTORY

Incidence
The incidence of developmental dislocation of the hip is approximately 1 in 1000 live births. The incidence of the entire spectrum of DDH is undoubtedly higher but not truly known because of the lack of a universal definition. Rosendahl et al 5 noted a prevalence of dysplastic but stable hips of 1.3% in the general population. A study from the United Kingdom reported a 2% prevalence of DDH in girls born in the breech position. 6 
Risk Factors
Important risk factors for DDH include breech position, female sex, incorrect lower-extremity swaddling, and positive family history. These risk factors are thought to be additive. Other suggested findings, such as being the first born or having torticollis, foot abnormalities, or oligohydramnios, have not been proven to increase the risk of "nonsyndromic" DDH. 3, 7 Breech presentation may be the most important single risk factor, with DDH reported in 2% to 27% of boys and girls presenting in the breech position. 6 Genetics may contribute more to the risk of DDH than previously considered "packaging effects." If a monozygotic twin has DDH, the risk to the other twin is approximately 40%, and the risk to a dizygotic twin is 3%. 14, 15 Recent research has confirmed that the familial relative risk of DDH is high, with first-degree relatives having 12 times the risk of DDH over controls. 16 -18 The left hip is more likely to be dysplastic than the right, which may be because of the more common in utero left occiput anterior position in nonbreech infants. 1 The AAOS clinical practice guideline considers breech presentation and family history to be the 2 most important risk factors in DDH screening. 3 A lesser-known but important risk factor is the practice of swaddling, which has been gaining popularity in recent years for its noted benefits of enhancing better sleep patterns and duration and minimizing hypothermia. However, these benefits are countered by the apparent increased rates of DDH observed in several ethnic groups, such as Navajo Indian and Japanese populations, that have practiced traditional swaddling techniques.
Traditional swaddling maintains the hips in an extended and adducted position, which increases the risk of DDH. However, the concept of "safe swaddling, " which allows for hip flexion and abduction and knee flexion, has been shown to lessen the risk of DDH (http:// hipdysplasia. org/ developmental-dysplasia-of-the-hip/ hip-healthy-swaddling/ ). Parents can be taught the principles of safe infant sleep, including supine position in the infant's own crib and not the parent's bed, with no pillows, bumpers, or loose blankets. 19 -24 The POSNA, International Hip Dysplasia Institute, AAOS, United States Bone and Joint Initiative, and Shriners Hospitals for Children have published a joint statement regarding the importance of safe swaddling in preventing DDH. 25 In general, risk factors are poor predictors of DDH. Female sex, alone without other known risk factors, accounts for 75% of DDH. This emphasizes the importance of a careful physical examination of all infants in detecting DDH. 6 A recent survey showed poor consensus on risk factors for DDH from a group of experts. 26 
Natural History
Clinical and imaging studies show that the natural history of mild dysplasia and instability noted in the first few weeks of life is typically benign. Barlow-positive (subluxatable and dislocatable) hips resolve spontaneously, and Barlow himself noted that the mild dysplasia in all 250 newborn infants with positive test results in his original study resolved spontaneously. 27 -32 Conversely, the natural history of a child with hip dysplasia at the more severe end of the disease spectrum (subluxation or dislocation) by walking age is less satisfactory than children treated successfully at a younger age. Without treatment, these children will likely develop a limp, limb length discrepancy, and limited hip abduction. This may result in premature degenerative arthritis in the hip, knee, and low back. The burden of disability is high, because most affected people become symptomatic in their teens and early adult years, and most require complex hip salvage procedures and/ or replacement at an early age.
SCREENING AND DIAGNOSIS
The 2000 AAP clinical practice guideline recommended that all newborn infants be screened for DDH by physical examination, with follow-up at scheduled well-infant periodic examinations. The POSNA, the Canadian Task Force on DDH, and the AAOS have also advocated newborn and periodic screening. A 2006 report by the US Preventive Services Task Force (USPSTF) resulted in controversy regarding DDH screening. By using a datadriven model and a strong emphasis on the concept on predictors of poor health, the USPSTF report gave an "I" recommendation, meaning that the evidence was insufficient to recommend routine screening for DDH in infants as a means to prevent adverse outcomes. 1 -3, 33-35 However, on the basis of the body of evidence when evaluated from the perspective of a clinical practice model, the AAP advocates for DDH screening.
In its report, the USPSTF noted that avascular necrosis (AVN) is the most common (up to 60%) and severe potential harm of both surgical and nonsurgical interventions. 33 Williams et al 36 reported the risk of AVN to be less than 1% with screening, early detection, and the use of the Pavlik harness. In a long-term follow-up study of a randomized controlled e3
In general, risk factors are poor predictors of DDH. Female sex, alone without other known risk factors, accounts for 75% of DDH.
trial from Norway, the authors reported no cases of AVN and no increased risk of harm with increased treatment. 37 The USPSTF also raised concerns about the psychological consequences or stresses with early diagnosis and intervention. Gardner et al 38 found that the use of hip ultrasonography allowed for reduction of treatment rates without adverse clinical or psychological outcomes. Thus, the concerns of AVN and psychological distress or potential predictors of poor health have not been supported in literature not referenced in the USPSTF report.
In 2 well-designed, randomized controlled trial studies from Norway, the prevalence of late DDH presentation was reduced from 2.6 to 3.0 per 1000 to 0.7 to 1.3 per 1000 by using either selective or universal hip ultrasonographic screening. Neither study reached statistical significance because of the inadequate sample size on the basis of prestudy rates of late-presentation DDH. Despite this, both centers have introduced selective hip ultrasonography as part of their routine newborn screening. 39, 40 Clarke et al 32 also demonstrated a decrease in late DDH presentation from 1.28 per 1000 to 0.74 per 1000 by using selective hip ultrasonography in a prospective cohort of patients over a 20-year period.
The term "surveillance" may be useful nomenclature to consider in place of screening, because, by definition, it means the close monitoring of someone or something to prevent an adverse outcome. The term surveillance reinforces the concept of periodic physical examinations as part of well-child care visits until 6 to 9 months of age and the use of selective hip ultrasonography as an adjunct imaging tool or an anteroposterior radiograph of the pelvis after 4 months of age for infants with identified risk factors. 3, 5, 32, 41 Wilson and Jungner 4 outlined 10 principles or criteria to consider when determining the utility of screening for a disease. The AAP believes DDH fulfills most of these screening criteria ( Table 1) , except for an understanding of the natural history of hip dysplasia and an agreed-on policy of whom to treat. The 2006 USPSTF report and the AAOS clinical practice guideline provide a platform to drive future research in these 2 areas. Screening for DDH is important, because the condition is initially occult, easier to treat when identified early, and more likely to cause long-term disability if detected late. A reasonable goal for screening is to prevent the late presentation of DDH after 6 months of age.
Physical Examination
The physical examination is by far the most important component of a DDH screening program, with imaging by radiography and/or ultrasonography playing a secondary role. It remains the "cornerstone" of screening and/ or surveillance for DDH, and the available evidence supports that primary care physicians serially examine infants previously screened with normal hip examinations on subsequent visits up to 6 to 9 months of age. 3, 41 -44 Once a child is walking, a dislocated hip may manifest as an abnormal gait.
The 2000 AAP clinical practice guideline gave a detailed description of the examination, including observing for limb length discrepancy, asymmetric thigh or gluteal folds, and limited or asymmetric abduction, as well as performing Barlow and Ortolani tests. 1 It is essential to perform these manual tests gently. By ∼3 months of age, a dislocated hip becomes fixed, limiting the usefulness and sensitivity of the Barlow and Ortolani tests. By this age, restricted, asymmetric hip abduction of the involved hip becomes the most important finding (see video available at http:// www. aap. org/ sections/ ortho). Diagnosing bilateral DDH in the older infant can be difficult because of symmetry of limited abduction.
Although ingrained in the literature, the significance and safety of the Barlow test is questioned. Barlow stated in his original description that the test is for laxity of the hip joint rather than for an existing dislocation. The Barlow test has no proven predictive value for future hip dislocation. If performed frequently or forcefully, it is possible that the maneuver itself could create instability. 45, 46 The AAP recommends, if the Barlow test is performed, that it be done by gently adducting the hip while palpating for the head falling out the back of the acetabulum and that no posterior-directed force be applied. One can think of the Barlow and Ortolani tests as a continuous smooth gentle maneuver starting with the hip flexed and adducted, with gentle anterior pressure on the trochanter while the hip is abducted to feel whether the hip is locating into the socket, followed by gently adducting the hip and relieving the anterior pressure on the trochanter while sensing whether the hip slips out the back. The examiner should e4 The condition should be an important health problem 2.
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"Hip clicks" without the sensation of instability are clinically insignificant. 47 Whereas the Ortolani sign represents the palpable sensation of the femoral head moving into the acetabulum over the hypertrophied rim of the acetabular cartilage (termed neolimbus), isolated high-pitched clicks represent the movement of myofascial tissues over the trochanter, knee, or other bony prominences and are not a sign of hip dysplasia or instability.
Radiography
Plain radiography becomes most useful by 4 to 6 months of age, when the femoral head secondary center of ossification forms. 48 Limited evidence supports obtaining a properly positioned anteroposterior radiograph of the pelvis. 3 
Adjunctive Imaging
Recommendations for the evaluation and management of infants with risk factors for DDH but with normal findings on physical examination continue to evolve. The 2000 AAP clinical practice guideline recommended hip ultrasonography at 6 weeks of age or radiography of the pelvis and hips at 4 months of age in girls with a positive family history of DDH or breech presentation. The AAP clinical practice guideline also stated that hip ultrasonographic examinations remain an option for all infants born breech. 1 The recent AAOS report found that moderate evidence supports an imaging study before 6 months of age in infants with breech presentation, family history, and/or history of clinical instability. 3, 58 -60 Refinement in the term "breech presentation" as a risk factor for DDH is needed to determine whether selective hip ultrasonography at 6 weeks or radiography before 6 months of age is needed for an infant with a normal clinical hip examination. More specific variables, such as mode of delivery, type of breech position, or breech position at any time during the pregnancy or in the third trimester, have received little attention to date. The AAOS clinical practice guideline reported 6 studies addressing breech presentation, but all were considered low-strength evidence. 3 Thus, the literature is not adequate enough to allow specific guidance. The risk is thought to be greater for frank breech (hips flexed, knees extended) in the last trimester. 1 Lacking expert consensus of risk factors for DDH, 26 the questions of whether to obtain additional imaging studies with a normal clinical hip examination is ultimately best left to one's professional judgment. One must consider, however, that the overall probability of a clinically stable hip to later dislocate is very low.
Because of the variability in performance and interpretation of the hip ultrasonographic examination and varying thresholds for treatment, the requesting physician might consider developing a regional protocol in conjunction with a consulting pediatric orthopedist and pediatric radiologist. Specific criteria for imaging and referral based on local resources can promote consistency in evaluation and treatment of suspected DDH. Realistically, many families may not have ready access to quality infant hip ultrasonography, and this may determine the choice of obtaining a pelvic radiograph instead of an ultrasound. 61
Treatment
Recommendations for treatment are based on the clinical hip examination and the presence or absence of imaging abnormalities. Infants with a stable clinical hip examination but with abnormalities noted on ultrasonography can be observed without a brace. 3, 56 The initiation of abduction brace treatment, either immediate or delayed, for clinically unstable hips is supported by several studies. 3, 62 -64 In a randomized clinical trial, Gardiner and Dunn 62 found no difference in hip ultrasonography findings or clinical outcome for infants with dislocatable hips treated with either immediate or delayed abduction bracing at 6-and 12-month follow-up. The infants in the delayed group (2 weeks) were treated with abduction bracing if hip instability persisted or the hip ultrasonographic abnormalities did not improve. 62 
RISKS OF TREATMENT
Treatment of clinically unstable hips usually consists of bracing when discovered in early infancy and closed reduction with adductor tenotomy and spica cast immobilization when noted later. After 18 months of age, open surgery is generally recommended.
As previously noted, the 2006 USPSTF report noted a high rate of AVN, up to 60% with both surgical and nonsurgical intervention. 33 Other studies have reported much lower rates of AVN. 36, 37 One prospective study reported a zero prevalence of AVN by 6 years of age in mildly dysplastic hips treated with bracing. 30 However, abduction brace treatment is not innocuous. The potential risks include AVN, temporary femoral nerve palsy, and obturator (inferior) hip dislocation. 65 -67 One study demonstrated a 7% to 14% risk of complications after treatment in a Pavlik harness. The risk was greater in hips that did not reduce in the brace. 33 Precautions such as avoiding forced abduction in the harness, stopping treatment after 3 weeks if the hip does not reduce, and proper strap placement with weekly monitoring is important to minimize the risks associated with brace treatment. 68 
MEDICOLEGAL RISK TO THE PEDIATRICIAN
Undetected or late-developing DDH is a liability concern for the pediatrician, generating anxiety and a desire for guidance in best screening methodology. 71 Unfortunately, this fear may also provoke overdiagnosis and overtreatment. "Late-presenting" DDH is a more accurate term than "missed" to use when DDH is first diagnosed in a walking-aged child who had appropriate clinical examinations during infancy. 72, 73 Although there is no universally recognized DDH screening standard, the AAP endorses the concept of surveillance or periodic physical examinations until walking age, with selective use of either hip ultrasonography or radiography, depending on age. The AAP cautions against overreliance on ultrasonography as a diagnostic test and encourages its use as an adjunctive secondary screen and an aid to treatment of established DDH. Notably, no screening program has been shown to completely eliminate the risk of a late-presenting dislocated hip. 69 The electronic health record can be used to provide a template, reminder, and documentation tool for the periodic examination. It also can be useful in the transition and comanagement of children with suspected DDH by providing effective information transfer between consultants and primary care physicians and ensuring follow-up. Accurate documented communication between providers is important to provide continuity of care for this condition, and it is also important to explain to the parent(s) and document those instances when observation is used as a planned strategy so it is less likely to be misinterpreted as negligence. 
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